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Introduction
Belt conveyor system is a high-power conveyance system broadly applied in practice [16] . The main reason of such broad application is its structural and economic adaptability [26] . According to [14, 25] , a belt conveyor represents the most cost-effective solution in the loose material transportation. It can be broadly used in the fields, such as coal mining, ports, chemical industry, electric energy, metallurgy, architecture, and food supplies [13] . Requirements demanded by production plants regarding minerals are currently rising, which results in the increasing traffic intensity of material flows in mining companies within the transportation of bulk solid materials. Bulk materials are currently transported mainly by trucks. Therefore, an alternative to this kind of transport must be searched [21, 23] . Transportation solution is offered by the continuous belt conveyor system with the crushing carried out directly in the quarry, using portable crushers [6] .
Large scale belt conveyor is a key (one of the most important) device to transport bulk-solid material for long distance at high rates [5] . Belt conveyors are complex systems with drive groups as functionally very important components [15] . For belt conveyors, the transport task can be defined as a process whose purpose is to transport the set quantity of handled material within a defined time between the set loading and offloading locations [12] .
Due to the fact that a conveyor belt, as a carrying and tractive element, represents the most important part of a belt conveyor, it is essential to reduce the costs of manufacture and maintenance thereof. Maintenance cost reduction can be achieved by improvements in utility properties of conveyor belts [16] . Conveyor belt properties significantly affect the reliability of the entire belt conveyor system. Insufficient strength of a conveyor belt can cause its rupture and subsequent downtime due to repair and replacement thereof. Rupture of a conveyor belt represents unacceptable risk in the operation of a belt conveyor system and [3] classify it as unsystematic risk in an underground mine plant.
During the operation, a conveyor belt is affected by various stresses that cause its damage and wear-out [8] . Awareness of mechanical properties of conveyor belts is very important for a smooth operation of belt conveyors [24] . Requirements regarding conveyor belts depend on the method of their use; therefore, entire belt conveyor, as well as its individual components, is subject to compulsory tests. Required properties of conveyor belts are identified by tests determined by standards and technical or technological regulations.
According to Hardygora [10] and Taraba [22] tests of conveyor belts can be divided into three groups: standard tests, certification tests and non-standard tests. The first group includes tests of physicomechanical properties for their compliance with the standards in force. The second group comprises certification tests on belts required for permitting the latter to be operated in underground mines. The third group embraces non-standard tests -specialist tests performed on special test stands, usually not covered by standards but concerning parameters important for the operation of belts.
Non-standard tests include, for example, determination of the impact resistance of a conveyor belt. The methodology of testing the impact resistance using a special testing equipment is described by authors [7] and determination of impact resistance on the basis of experimental measurements, with the results evaluation using the regression analysis, is described by authors [1, 4] . By using DOE methods in the examining stress conveyor belts in relation to their resistance to breakdown deal works [2, 9] .
Conveyor belt tests carried out within the experimental research and the results presented in this article can be classified as the group 1st tests, according to [10] . In addition to the results obtained by standard testing, the article presents a new approach to the evalua-sciENcE aNd tEchNology tion thereof, with the determination of the impact of the selected factors on the tensile strength of a conveyor belt.
Materials and experimental procedure

Experimental material
A belt conveyor as a composite consists of several materials. Fabric conveyor belts usually consist of a wear resistant top layer ('top cover'), a fabric carcass providing tensile strength, skim layers for adhesion between rubber and carcass, and a bottom layer ('bottom cover') to cover the carcass and provide sufficient friction to the drive pulley [18] .
Experiments were carried out using conveyor belts (CB) of TRANSBELT type intended for general use. They are textile conveyor belts intended for the transportation of loose and piece materials in common operating conditions. They are typically used in the mining and processing industries, as well as in operations, such as gravel sand works, lime works, cement works, thermal power plants, dumps and docks. Their cover layers (CL) are made of rubber in five categories, depending on the type of transported material. The conveyor belt carcass ( Fig. 1) consists of one to five fabric plies. The plies are made in two versions. In the first version, individual layers of fabric reinforcement are made of polyamide fibres in the lengthwise and transversal direction. In case of polyamide reinforcement material, the mark of a conveyor belt type contains letter P. In the second version, individual plies are made of the combination of polyamide and polyester fibres.
In such case, polyester fibres are used in the lengthwise direction of the fabric (in warp). Transverse direction of a ply, also called woof, consists of polyamide fibres. In such version of the fabric reinforcement, a conveyor belt type is marked with letters EP. Experiments were carried out using CBs (Table 1 ) with cover layers of AA category -for the transportation of very abrasive, grainy, and loose material. Required mechanic properties of the examined CBs are listed in Table 2 .
Testing specimens
Type A testing specimens were prepared using a cutting die by cutting them out from each type of a conveyor belt in the quantity of three pieces, in the lengthwise direction, as specified in [11] . None of the ply objects contained joints. Shapes and dimensions of testing specimens are documented in Fig. 2 . Two reference lines were drawn on the testing specimens across their lengthwise axes in their working sections, in the distance of 100 mm. Subsequently, these objects were conditioned pursuant to [11] . Tensile tests were carried out immediately after the conditioning period terminated. sciENcE aNd tEchNology
Test fundamentals and procedure
Test fundamentals -a testing specimen, cut out from the whole thickness of a conveyor belt, is loaded, under the prescribed conditions, on the tensile testing equipment, applying the tension, until the testing object disturbance is observed. Experimental tests of mechanical properties of conveyor belts were carried out using a testing machine of the Zwick Roell Z 100 type. Due to the need to measure the elongation of the testing specimen during the test, the testing machine was equipped with the videoXtens extensometer, which applies the contactless deformation measurement principle. The main advantage of this extensometer is that it can be used until the sample's rupture without any damage. A full-area camera scans a digitalized image of a tested specimen and processes it in the real time. The system automatically identifies reference marks, while calculating their displacement as the specimen is loaded [27] .
Test procedure -Testing specimens were symmetrically fixed between grips of the testing machine so that the lengthwise axes of a testing object, the central line of the grip, and the direction of tensile force were aligned. Testing specimens were loaded with the constant loading rate of 100 mm/min. During the test, elongation was recorded at the instance of reaching the reference load, corresponding to one tenth of the nominal tensile strength in the lengthwise direction (Table 2), multiplied by the width of the testing specimen in mm. The testing continued, until the specimen's rupture, first signs of carcass disturbance, or reaching the maximum value on the force measuring device. This maximum force and the elongation at such force were recorded. The same procedure was carried out with all testing objects. Recorded values are invalid, if a testing specimen is not disturbed between the reference lines, or if during the test the specimen is skidding between the grips [20] , which, however, did not happen.
Determination of mechanical properties
Experimental research determined the following mechanical properties of the examined CBs, determined pursuant to [19] :
Full thickness tensile strength • -the most intensive force measured during the tensile test, divided by the testing specimen's width: The resulting value of the elongation at break and the elongation at the reference load is the arithmetic average of values for three testing objects in the lengthwise direction.
For each examined type of a conveyor belt, we tested the testing objects marked as x i , where i = 1, 2, 3. Results of the measurements are listed in Tables 3 and 4 .
Design and evaluation of experiment
In this work, we monitored the impact of three main factors (Table 5): nominal strength, i.e. specified minimum value of the tensile strength (factor A), type of carcass (factor B), and number of plies (factor C). Our task was to determine which of the factors, or which of their interactions, have a significant impact on the response, i.e. the tensile strength of a conveyor belt.
We have developed a plan of the complete three-factor experiment with two levels without repetition together with two-factor interactions (first-order interactions), whereas the number of all steps is 2 3 -the square root represents the number of levels and the exponent represents the number of factors. For one experiment design, it was necessary to enter 8 values of the response on the upper and lower levels of each factor, which are listed in Tables 3 and 4 . For the DOE method, maximum and minimum values of measured tensile strength of CBs were applied separately for 3 strength intervals: a) 800 and 1,250 N/mm, b) 800 and 1,000 N/mm, c) 1,000 and 1,250 N/mm; i.e. totally 6 designs of experiment. Each experiment design can be graphically represented using a cube (Fig. 3) , whereas cube corners contain the entered response values.
Designs of experiments for maximum response values
In the assessment of the significance of effects and their interactions, the DOE method facilitates the use of several graphical outputs, such as:
Graphical representation of main effects; • Normal probability plot of the significance of factors and in-• teractions; Interaction plot of main effects. • As several individual experiments designs were carried out, the most frequently used Pareto chart was selected (Fig. 4) , which defines factors and interactions with the statistically significant impact on the monitored response. Significance of individual impacts of factors or interactions was tested using the t-test and by the determination of the p-value on the significance level of α=0.05. In all the monitored intervals for the maximum values of the measured tensile strength of CBs, statistically significant impact of three main factors was confirmed. Insignificant impact on the measured tensile strength value was observed only in certain first-order interactions. Table 6 shows the average values of the response on the upper and lower level of each factor, as well as effects of individual factors. 
where y is the response, x 1 , x 2 , x 3 , x 1 x 2 up to x 2 x 3 represent values of factors A, B, C and interactions between the respective two factors (e.g. x 1 x 2 represents the AB interaction). The point estimate of the regression model is:
where β  0 , β  1 , up to β  23 are estimates of the regression model coefficients that can also be calculated using the effects [17] . Values of all model coefficients and the value of the determination coefficient in % are shown in Table 7 .
Designs of experiment for minimum response values
Almost in all the monitored intervals for the minimum values of measured tensile strength of CBs, statistical significance of main factors and first-order interactions was not confirmed, with the exception of the 800 and 1250 N/mm interval, where the significance of factor A was manifested (nominal strength), Fig. 5 . Table 8 shows the average values of the response on the upper and lower level of each factor, as well as effects of individual factors. Again, the strongest impact on the monitored response in all strength intervals was observed in factor A (nominal strength), even though it is not significant in all intervals. The values of all model coefficients and the value of the determination coefficient in % are shown in Table 9 .
Discussion
This paper is focused on the experimental research of the tensile strength of fabric conveyor belts. The research was carried out applying the Design of Experiment method (DOE), whereas the relation between the strength properties of conveyor belts was monitored in the selected factors. Six experiments were designed, in which 12 conveyor belts types were used with the nominal strength of 800, 1000 and 1250 N/mm. Conveyor belts of the same nominal strength were also differing in the number of plies and the material of the textile carcass. In all experiments, the setting of factors B and C values (type of carcass and number of plies) was identical. Only the upper and lower levels of factor A were changing (nominal tensile strength).
In all the monitored intervals for the maximum values of the measured tensile strength of CBs, significant impact of all examined factors -the nominal tensile strength (factor A), a type of carcass (factor B), and the number of plies (factor C) on the response (tensile strength of a conveyor belt) was confirmed. Also the impact of some interactions on the given dependent variable was manifested. The scope of the experimental program did not allow supplementation of one more factor. The setting of the strength interval has thus a decisive impact on sciENcE aNd tEchNology the determination of the impact of factors. In the monitored intervals for the minimum values of the measured tensile strength of CBs, only the statistically significant impact of factor A was confirmed (nominal strength) in the interval of 800 and 1250 N/mm. The list of all significant factors and interactions is presented in Table 10 .
The differences between the measured tensile strength and the nominal strength of conveyor belts were used to determine the range of individual strength intervals. On the basis of the maximum (MAX) and the minimum (MIN) values, separately for the maximum (Table 11 ) and minimum (Table  12 ) measured values, the strength interval range was determined. With the falling interval range in the maximum measured values, the number of more significant interactions is rising. However, in the minimum measured values, particularly in the broadest strength interval of 800 and 1250 N/mm, significance of factor A was confirmed.
Conclusions
During the operation, a conveyor belt is exposed mainly to the uniaxial quasi-static tensile stress in the lengthwise direction, due to its required initial tension for the transfer of tensile forces and the dynamic stress in the transverse direction induced by its troughability. Improper dimensioning of conveyor belt mechanical properties and selection of inappropriate cover layers or a conveyor belt carcass can result in the belt rupture. Therefore, the experimental research was focused on the testing of tensile strength of fabric conveyor belts, while monitoring the relation between the mechanical properties of conveyor belts and the selected factors. To achieve improved strength parameters of conveyor belts, it is important to identify possible impact of input factors. Using the DOE method, factors and their interactions affecting the response -tensile strength of a conveyor belt were identified. The impact of three monitored factors was confirmed, i.e. the nominal strength (factor A), the number of plies (factor C), and the type of carcass (factor B), as well as certain mutual interactions, for the maximum values of the measured strength. In certain two-factor interactions, however, statistically significant impact was not confirmed.
The results indicate that the nominal strength has the strongest impact on the tensile strength of a conveyor belt, i.e. on the monitored response in all experiment designs, although it is not significant in each case. In the examined responses, the relation between the DOE method and the range of the input experimental data was not manifested.
Regression models were also determined to describe the functional relation of the output characteristics and the input factors. Each obtained regression model represents a complete three-factor experiment containing factors and first-order interactions. 
